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‘Tooopherols - vitamin E, and unsaturated fatty aocids
" = vitamin P are the oompounds of great physiologiocal impor-
" Yapse. These oompounds are mecessacy for proper operating
in some metabolio processes especially for 1lipid metadolism,
he aim of our researohes is to explain what part these com~
sunds are playing:is folozado be :;o development, The ble~
ogloal experiments en.the fertility,'martality ahd. other
oharacteristios of Colorado bestle aotivities as well as
YSeohemical lnalyo‘b of 1ipid metadoliss will disclose us:
thie ooood&ng way of these vitamins, To find the influence
of! shese constituents on Colorade beetle dovolo{-ont we
104 sut the diological oxgcrxlnnt. in insectarium en .
¢ and then on the adult beetles in the five differeat
‘bresding comdinationst : . .
o 1/ We breed the larvae and the beetles with potate
I~ " leaves enriohed by adding alfa toeopherel;

2/ by adding unsaturated fatty acids, . L

3/ vy nddin: the mixture of alfa tosopherol and us~
. saturated fatty aecids, _

| 4/ with the leaves sprayed only with the solyent =
. .tu’. IM o ¢ .

' 5/ the ocontrol, | SR

PR During the whole oyole of development ‘of Colerade
; beetle we recorded data of the following observations: fexr—
_t811ty, mortality, eating habdits and other ocharacteristiocs
df! their behaviour. On the larvae L, and on the beetles from
five breeding combinations the £0118win analysés were made:
' the determination of the total lipids, the speotrophotometrio
determination of unsaturated fatty uoid. « linoleic, limo=
* . lenie, araochidonie and-gontalnnto;. The qualit; ohromato-
, graphic detersinatiop of fatty acids.was made too. We have
. made also the analy of total tosopherols in the hOIOZifph
and in the whole body of the larvse eded only wi
_+ leaves of potato Dar wamiety/., The rc‘u ts. of our oxzcrlnont-
' have proved that while enrxio the feod-stuff for Colerado
bectle with vitamins mentioned adove, the number of eggs
1a14 by the female beetles ingreased considerably. Also the
" biochemical analyses have shown the differences in coatent
of unsaturated fatty acids in the larvae and beetlss lirids,
The content of the unsaturated fatty acids !l.i:.nnﬂ ghexr
. -where vitamins treatment was ug:liod and also it was r
1n the larvae lipids tham in the beetles. That means tha
‘the unsaturated fatty aeids are used by larvae during the
. -ohrysalis period. As it was stated in the quality ehiromato-
, graphioc analyses.the o sition of fatty acids in the lar-
.. vae and in beetles in all bdree treataents remains the
" same. There are some quantities of saturated fatty acids
" /palmitic and stearis/ dut chiefly the unsaturated fatty
‘a0ids /oleie, linoleis, ‘limelenio and others/. We aame to
, the following conclusiea that the tooopherols /vitamis B/
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and unsaturated fatty acids /vitamin F/ in metabolic pro-
cesses of Colorado beetles play extremely important role,

I1I, Detailed report

e INntrod u'élt ion

Many foreign researchgzShave expressed in the lite-
rature thelr opinions about pnysiological importance of un=-
saturated fatty aclds where they underline the great role
of these acids in lipid metabolism questions /1, 2, 5, 7,
13, 15, 23, 22/, The lack of them is causing some .disturban-
ces in organism because the animals are not able to synthe~
tize them, In experiments where'diets were deficient lipids
there appear there some symptoms of diseases which disappear
after adding linoleic, linolenic or arachidonic acids. Lino-
lelc acld possesses nearly six-times greater activity than
linolenic acid - it comes out of its configuration /6, 12,

? 20/« There are much greater amount of unsaturated fatty acids

’ in insect 1ipids than in mammalians /16, 24/, It shows di-
rectly that these compounds are very important. for insects,
The experiments on insects have demonstrated that there were
great disturbances in Corcyra. cephalonica St. and gfhestia
development when the defIcIent unsaturated Tatty atlds dliet
was applied /caterpillars reached only chrysalis stage -/21,
16/ By adding simultaneously an alfa tocopherol a succesful
activity on unsaturated fatty acids was observed., This was
an effect of a protective action of alfa tocopherol as antio-
xidant of unsaturated compounds /16/, Wi gg lesworth
/24/ suggested that in insects the .fundamental function of
tocopherol 1s protective action against unsaturated fatty
acids. Tocopherols participate in many metabolioc Processes
in animals organism. All changes in tocopherols contents in
food appear in biological tests as disturbances on genital
system /26/. Therefore the most conveniant means for studying
the activity of tocopherols on animals is to make record of
data of multiplying capacity of the objects breeded with
foodX enriched or deficient by vitamin E., In investigations
on the effect of alfa tocopherol on the fertility of Colorado
beetle Zwolifiska-Sniataztowa /27/ stated
that the alfa tocopherol factor has a positive influence on
the increase in eggs laying by female beetles,

Having in view a great physiological importance of
tocopherols and unsaturated fatty acids for the inseots, we
have begun to carry out the researches which will explain
the role of these compounds in Colorado beetle development.
The second problem deals with the finding out of an existing
interdependence between the alfa tocopherol and unsaturated
fatty acids in their effect on the insects,

Rom.17/62 IOR 50X1-HUM
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2., Experimental procedure

The biological experiments on larvae and beetles were
carried out in insectarium in five different breeding combi-
nations:

1/ We breed the larvae and the beetles with potato

leaves enriched by adding alfa tocopherol,

2/ by adding unsaturated fatty acids,

3/ by adding the mixture of alfa tocopherol and un-
. saturated fatty acilds, .

4/ with the leaves sprayeéd only with the solvent -
. ether, and

54 the control,

During the whole cycle of development of Colorado
beetle we recorded data of the following observations: fer-—
tility, mortality, eating habiis and other characteristics
of their behaviour, On the larvae I, and on thé& beetles from '
five breeding combinations the féll%wing analyses have been '
made: finding of total lipids /linoleic, linolenic, arachi-
donic, pentaenoie./ ‘and quality chromatographic determination
of composition of fatty acids., The determination of total
tocopherols in the hemolymph and in the whole body of the
larvae L4 /breeded only with leaves of potato Dar variety/
was made too,

Materials and methods

Since the 15th May we were collecting beetle eggs on
our experimental fields and then we put _them into the glass
plates in insectarium at temperature 28°C, Hatched larvae
were put into the special ring glasses /Fig.3/ with the net
covers and breeded them according our method, in five breed-
ing combinations., For breeding experiments we use the leaves
of Dar potato variety planted only for this purpose. The 1
dates of planting period were 21th April, 26th May, 17th
June. During the vegetation period of potatoes some data
of the observations were made. Potatoes were not sprayed or !
treated besides the usual agriculture works. To obtain re-
peatable results we always used for breeding the same kind
of leaves: the whole top of plant included the fourth leaf,
The leaves were enriched by means of spraying them with:

1/ acetate alfa tocopherol, average amount 3mgh —
~ this corresponded to average contents of .tocopherols
in 4~th leaf in the blooming period /26/.

2/ For enrichment with unsaturated fatty dcids we have

- used the extract from oleaginjfous plant named "Kro-
kosz" which has a great number of unsaturated fatty
acids /iodine number 229,37/, The doses applied were
almost the same as the .contents of unsaturated fatty
acids in leaves /10/.
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: Fig. 1 - Great isolator

Fig. 2 - Small isolator Fig. 3 - Glass ring
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We begun our biologilcal investigations the ﬁ?th of
~w:s na the larvae L, and 241-th of July with the beetlos,
For ull breeding treatments period from the hatching +im-
~? lsrvae L, to the moment of appearance of the young n-=2-
22 572 the surface of sand lasted 39 days. After hataoniing
iz wzztles wers put into 4 great isolators /Figo.1/ = 10
“p-.% beetles and 5 male into each of them —= and into 410
<n-1ii isolators /Fig.2/ the couples the beetles, Together
* mae<les 4in each breeding combination. The net cages /ha-
w- ¥lgslatorsh/ were made of plastis and metalic net e
fn-tisas, In isolators the layer of sand was 2,5 om hiviak

w3 leaves were put on the surface in the little glas-

A I
<-20 In%> the great isolatours we put the leaves Ificom ihe
-m /inzluded the fourth leaf = together the 20 g/ and in%o
- small only 2 single leaves taken from 4--th leaf. Ths

. -fuss of leaves of small isvlators was measured by plani-
metsr instrument before putting them inside and on the nex?t
day after taking them out.

In breeding combination with unsaturated fatty anids .
after hatching the beetles, it was stated, that the numbar
of male was greater than the number of female beetles. Tha-
rsfore in this combination there were only great isolatorsz.
W= have starie=d with the experiments with young beetles 21-%h
~f July and ended them abou® the 10=th of September. When
a1l beetles went Pfor their hibernation ws have separated by
means of wire sieve alive beetles from the dead and found
“he vatio between them, The beetles from ell breeding treat-
ments were taken for analyses.

Analitical met hods
Determination of total lipids.

The determination of total lipids was made by means
of rest. after extraction method. Ethyl ether dried and fres
from peroxides /18/ was used as a solvent, The time of ex-
tractions in Soxhlet apparatuses was 30 hours,

Determination of iodine number

For the determination of i1odine number the bromo=pi--
ridine method of N1 emi1ler k o /14/ was adapted., About
5 mg of lipids taken from the chloroform solution and 2 ml
bromopiridine reagent were remained in darkmess for 15 mi-
nutes. Next 1 ml of 10% KJ was added and total content was
titrated by 0.05 N sodium thiosulphate in the presence of
starche.

Speztrophotometric determination of unsaturated fatty aczids
10 mg unsaturated fatty acids with 21% KOH /dissn%u
C

ved in ethylene glycol/ were isomerized by heated in 180
during 15 min. Then the solution was cooling rapidely and
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methyl alcohol was added_to 50 ml of volume. The mixture was
kept in temperature 0f-2°C to the next day. Optical density

was measured at 234 mp, 315 mp, 346 mp. The content of 1lino-
leic, linolenic, arachidonic and pentasmois aclds was Sale=

culated from the respective formulas /&y 17/.

Quality ohromatographic determination 6f fatty acids

The fatty aclds were separated by paper chromatography.
The method of reversed phases have been developed, As the
mobile phase 90% aoeticoacid was used, and as a immoblilis care
bohydrides b.pe 185-205C. On the developed chromatograms
the fatty acids are changed into the coleoured cupric salts

[11/ e
Determination of total tocopherols

To determination of total tocoprherols Emmer-=Engel method
in Blaim /3, 4/ modification was used., The sample was
saponified with 4N KOH in methyl alcohol by heating in 70°C
in CO., stream through. 15 min. Unsaponifiable materials were
extragted by petroleum_ether, Coloured, interfered substanvas
in beirizene solution were absorbed by rejowlecka soil on the
standard column, Measurements were made on spectrophotometer
SF 4 at 520 mp.

3 Results
The biological experiments

The number of eggs laid by the female beetles in fivse
breeding treatments are presented in Fig.IV and Tablo.l., In
the Fig.lV we can see the curves represented the. number of
eggs laid by the female beetles of five breeding treatments
during the whole period of experiments, As it has been shown
in breeding treatments enriched with vit. E and F, the period
of intensive eggs laying was prolonged. In the control the
maximum of eggs lald fall in the last days of July while in
the vitamin treatments about 20-th of August.

Table I presents the numﬁer of eggs /mean for one great
isolator/ laid by the female beetles in breeding treatments
and the logarithms of means for statisticalrdatao

Table I

E Treatment means logarithm of means "
" ]
ﬂ vit, B } . }:
I tocopherol 421,0 245713 i
n Vite K ' I
i unsaturated fatty acids 482 ,0 2 ,6432 I
i mixture T h
l yito E + vite F 394,0 245734 o
E solvent 187,47 2,2693 ;'}'
N 7 =
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Allowance for differences from the control /P=395%/ two
sided = 0,4838, Analysis of variance made for logarithms
of meen8 shown, that there are slgnificant differences be-
tween the breeding treatments and the control.

Astivity of the beetles

Figo V presents curves of activity of the beetles 1in
five hreeding treatments., As it can be see there are no sig~
nifinant differences in the activity of the beetles. 50%

s¥ all beetles went for hibernation about 10-th August and
100% about 30=th of Augusty:, .

Mortality

In the geriod of biological experiments the mortality was
amonyz the beetles insignificant,

Eating habits

2 Table II presents the whole quantity of eaten leaves in
- mm“ by all the beetles in the breeding treatments.

Table Il

f==========8======1—=======================:======“——'i
i Treatment™ Quantity of eaten leavgs i
H by the beetles in mm“ |
e . > )
i vit, E o
! tocopherol 195435 "
| 5%
8 mixture i
h .l
n solvent 218800 "
e =’
n control , 228799 ﬁ

+ As it was explained above, there were no beetles in
small isolators in combination with unsaturated fatty
aclds,

Analysis of variamces has shown, that there are no signi=
ficant differences between the breeding treatments, The
variance ratio , .

TS 228 7 Toy05

Table II1 presents gean quantity of eaten leaves by the
couple of beetles in mm"~,

Rom.17/62 IOR
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statistical elaboration. Results presented in table IV allow
however to admit that supplemented food for Colorado beetle
with alfa tocopherol /vitamin E/, unsaturated fatty acids
/vitamin F/ and the mixture of both, caused the increass in
unsaturated fatty acids in the larvae lipid, To obtain the
data about a content of tocopherols in hemolymph and 1in the
whole body in larvae, the determination of total tocopherols
was made, Results of analyses have shown that in the whole
body of the larvae 1-4 the content of tocopherols amounted
in average to 1,84 mg% and in the hemolymph 3,70 mg%h.

Table V pieéénts the results of the detérmination of
totzl lipids and unsaturated fatty acids in the beetles which
are ready for the hibernation,

" -ttt -4+ >+ 3232 -+ 3 -3 13 213234 -2+ 23 L 2 3 3 ;:2:328::% ===========*
B Treatment1 % of |% of [ of |% of a=|% of pen- "
8 total | lino-{lino~ | rachl- | “tsenoio Sum
] lipids leic !lenic | donic aclds i
i + acid jacid | acid H
i -
f;L vit.E 40,41 | 10,51 116,21 | 2,55 4,03 33,40 U

4
e : :

ovit.F ) 41,97 | 10,78115,23 | 2,25 3,12 31,38 |

[ - - » .
. - - "
acontrol 41,74 | 7,96115,49 {1,26 2,55 27,26 I
- S ’ <+
3allowance , “
! for dif- v
gferenoes _ I
i from the "
I control 3,03 | 1,51(12,37 0,60 0,40 3,02 "
aP=95%~ . n
ntwo sided '
E=======:==ﬁ========,L======E===============:=====s===:=========z==ﬂ

+ The content of total lipids is calculated in dry
weight of the beetles, The results are means from five de-
terminations, Analysis of variance has shown, that there are
significant differences between the beetles from breeding
treatments and the control, The quality chromatographic ana-
lyses were made on the larvae I-~4 and on the beetles before
their hibernation, The results.have shown, that the compo-
sition of fatty acids in the larvae and in the beetles was
simlilar. In all combinations we have stated some quantity
of saturated fatty acids /palmitic and stearic/, and unsa-
turated fatty acids /chiefly oleic, linoleic and linolenic/,

Rome17/62 IOR
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Table III

NETEESS=ESESETSSEES =======================::====:===B====all
1 Treatment Mean quantity of leaves eaten i
g daily by couple of beetles in n
H mm2 i
i- - !
I vite B i
i togcopherol 857 417 ]
: !
I yit,E + Vit.F i
i mixture 825,38 i
I golvent - 931,06 i
i {:
ﬂ control 879,99 “

Analysis of variance has shown that there are no sig-
nificant differences between the means of breeding treatments,
The variance ratilo

P - 031 {2088 = Foyo5

Results of biochemical analyses

On 50 larvae from each breeding treatment the follow-
ing analyses were made: finding of total lipids, spectro-
photometric determination of linoleic, linolenic, archido-
nic and pentaemeois: aclds. Results are presented in Table

IV, .
Tabdble IV

-1ttt -3 1 1 ================== =====*====== ;===:;=-===a ========8 |
Mrreatment] % of tod % of 1li-% of % of |% of peno Sum of
" tal 13- noleio 11ino—-tara—~ | “trenolc | fatty i
H pids acid jlenicjchi- acids aclds |}
il acid }donio i
L jacids . g
N vit.E 2433 26,30 28,27 By64 | 8455 71,96  #
3 - - ~ i
i vit,F 3,27 29,53 |26441 $y10 7425 69,29 i
™ - : e - A
i vit.E, ) i
i Vit F 3,38 27,26 127,48 B,42 7 64 70,80 |}
~ ]
i control | 2,91 16,88 122,05 Hy66 5480 49,39 |

+ % of total 1lipids are expressed in fresh weight of
the larvae.

Because of to small number of larvae 1I~4 it was im-
possible to repeat analyses. Therefore we didn 't make the
Rom.17/62 IOR
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therol and unsaturated fatty acid= there 1s the iower con-
tent of linolenic acid, but much nigher of pentaswele- acid
compared to the control., In general i1t was stated that the
" content of unsaturated fatty acids is much higher in the
larvae L-4 than in the beetless Tiis shows that there is a
great accumulation of these asids ian the larvae stage and that
they are used during the chrysalis perilod, The results of
chromatographic analyses have shown that the composition of
fatty acids in the beetles 1s similar to the larvae. The in--
fluence of these vitamins appeared most distinctly in.imago
stage. In all breeding treatments with vitamins the numbhsax
of eggs laid by the female beetles was almost 4 times higher
than in the control, In the similar way the intensive perilod
of eggs laying was prolonged - and so the beetles from the
control stopped laying eggs on the 5-th August, and in the
breeding treatments with vitamins on the 30-th August, This
is more peculiar because the activity period of the beetles
of all these treatments did not show any differences among
them, And the mean quantity of food eaten daily by the bee-
. tles also did not differ between the treatments. These above
results show us exactly that the addition to the food both
tocopherol and unsaturated fatiy acids is influencing posi-
tively on the fertility of Colorado potato beetle, We have
established that the addition of unsaturated fatty aclds
cause an increase in fertility of Colorado potato beetle as
being use alone and in the mixture with alfa tocopherol,
Addition of unsaturated fatty acids to the food of Colorado
beetle caused no avitaminose of tocopherols It looks more
likely that there is no direct action of unsaturated fatty
acids on fertility of Colorado potato beetle. These acilds
work by mean of increasing of food qualitys.

5% Cone¢elusions

1. All data reached in the biological experiments and
in the bilochemical analyses indicate clearly that tocophe-
: rol /vitamin E/ and unsaturated fatty acids /vitamin F/ are
/ very important factors for the Colorado potato beetle .de-
velopment, This appears first of all a/ in an increased num-
* ber of eggs.laid, and 2/ in an increase in unsaturated fatty
acids of larvae and beetles lipids.

2. It has been established also that the addition of
unsaturated fatty acids to the Colorado potato beetle food
did not caused any avitaminose Eo .

6o Plan for future work

To come to the final conclusion about the influence of
tocopherol /vitamin E/ and unsaturated fatty acids /vitamin
F/ on Colorado potato beetle development and about the inter-
dependence of these constituents, in the coming period we
intend to do some biological breeding treatment experiments

IOR.Rom.17/62
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4., Disecussion

For our investlgations of *+%ez influence of svme 7. .t4-
mins on the physiology o¢f Colroiadc potats beetle we used ths
materials supplied from Irstitute ~ Plaut Protection flalds:
the eggs collected on the plauntatlioens of the petato Dar va
riety, and the leaves of the s-me potals varlel,s. The potate
named "Dar" have been used in the past yearz for the rese-
arches purposes., The alm of these investigations was chacking
the influence of some compounds which are in potato leaves
on Colorado beetle /25, 19, 26, 9/, Ths results of turmse re-
searches have allowed to define the forming of some consti-
tuents in potato Dar variety lzaves in ths vegetatlion period.
It was stated there, that the gveatest increase of tocnphe-
rols = about = 3,5 mgh = in potato leaves takes place espe=
cially during the .blooming season or sometimes before it,
During the vegetation period of potatoes the content of total
lipids in the potatoes leaves Dar variety increased from 4% at
the beginning to the 7% in autuma, Among the fatty aclds con-
tained in potato Dar variety leaves the saturated fatty acids
amounted to 24% and unsaturated 76% /9/., It is noteworthy
that during the whole vegetation period the ratio between
the saturated and unsaturated fatty acids changes fundamen-
tally. All above mentlioned data became a starting point for
calculating the quantity of supplemented vitamins in our
breeding treatments, In our experiments we carried out the
investigations from the larvae I-=4, It was lnterested to see
if this enrichment obtained by adding vitamins had any in-
fluence on the development of larvae in all 4 stages. There
are some data in literature about the acumulating of total
lipids in the larvae 1~4 before the metamorphose, W i g -
glesworth /24/ has pointed out that the acumulation
of fats in larvae lL-4 decide of the health of the beetles,
Krzymahska ./9/ suggested that there is the greatest
accumulation of liplids in the insects before the metamorpho-
sis and diapause, In our experiments we have stated, that
there are no great. differences in the content of total lipids
in larvae I~4 amoung the breeding combinations which amount
in average. 3% in fresh weight, As the results of our obser-— y
vations have shown, the development of the larvae followed
the same way in ali five breeding treatments. We have found
in the larvae 1~4 the higher content of unsaturated fatty
acids in all breeding treatments than in the control larvae
yas., The smallest difference was stated in the case of lino=

enic,acid and much higher in linoleic¢ and arachidonic acids,
These data show us that the addition of vitamin E and vita-
nin I caused the increase in the content of unsaturated fatty
aclds, We came to the same conclusion where we are discussing
the results of the beetles analy¥ses, The spectrophotometric
determination of linoleic, linoienic,.arachidonic and penta-
~enoic acids have shown that the content of these acids 1is
higher in the beetles from breeding treatments with unsatu-
rated fatty acids and tocopherol than in the controls In the
beetles from the breeding treatments with mixture of toco-
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on the larvae and on the adult baetles as we did last year.
Apart of analyses performed this year, the determination of
tocopherols in hemolymph in the larvae from five breeding
treatments will take place,
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